
' .  

! 
BELLCOMM, INC. 
1100 Seventeenth Stmet, W.W. Washingtoit, D.C. 20036 

SUBJECT: Use o f  Aluminum Wire on A A P  DATE: October  18 ,  1968 as a Weight Saving  Measure 
Case 620 FROM: B.  w.  MOSS 

MEMORANDUM FOR FILE 

. 
I; 

S u b s t i t u t i o n  of aluminum wire f o r  coppe r  w i r e  
wherever  p o s s i b l e  i n  t h e  v a r i o u s  A A P  modules c o u l d  r e s u l t  
i n  we igh t  s a v i n g  of  a few hundred pounds.  If w e  compare 
aluminum and copper  as e l e c t r i c a l  c o n d u c t o r s ,  w e  f i n d  r e s p e c -  
t i v e  r e s i s t i v i t i e s  of 2.828 and 1.724 microohm p e r  cm cube 
@ 2 O o C .  From t h i s ,  w e  see t h a t  a n  aluminum conduc to r  must 
have a c r o s s  s e c t i o n a l  area of 1 .640 t imes  copper  f o r  t h e  
same l i n e  r e s i s t a n c e .  This cor responds  t o  a diameter 
i n c r e a s e  of 1 . 2 8 1  times t h e  diameter of  a n  e q u i v a l e n t  copper  
c o n d u c t o r .  

The d e n s i t y  of luminum i s  2.699 gms p e r  cm3 and 

aluminum would be  r e q u i r e d ,  i t s  lower d e n s i t y  would r e s u l t  
i n  a n  e q u i v a l e n t  aluminum conductor  weighing 0.498 times 
t h e  coppe r  conduc to r .  

o f  copper  8.89 gms p e r  cm 3 . While 1.640 t imes as much 

The i n s u l a t i o n  on conductors  f o r  g e n e r a l  purpose  

The larger  diameter aluminum conduc to r  w i l l  r e q u i r e  

a e r o s p a c e  a p p l i c a t i o n s  i s  approx ima te iy  0 . 2 5  times t h e  
weight of t h e  conductor ,  f o r  s i z e s  i n  t h e  r a n g e  of  6 AWG t o  
1 4  AWG. 
1 . 2 8 1  times as much i n s u l a t i o n . w h i c h ,  r e l a t e d  t o  a copper  
conduc to r  would be  0 . 3 2 0  times t h e  copper  conduc to r  w e i g h t .  

Thus, a n  aluminum conductor  w i t h  i n s u l a t i o n  shou ld  
weigh 0.818 t imes a bare copper conduc to r  and an  i n s u l a t e d  
coppe r  conduc to r  shou ld  weigh 1 .25  t imes a bare conduc to r .  So, 
t h e  r a t i o  of  aluminum f i n i s h e d  conductor  weight  t o  copper  f i n i s h e d  
conduc to r  weight  i s  0.6544. Table I shows t h e  comparison between 
coppe r  and aluminum i n s u l a t e d  wi re  f o r  e q u i v a l e n t  l i n e  r e s i s t a n c e .  
Both wires  have t h e  same type  of  i n s u l a t i o n  and b o t h  have s t r a n d -  
ed c o n d u c t o r s .  A s  t h e  wire s i z e  g e t s  smaller,  the  i n s u l a t i o n  
becomes a l a r g e r  p e r c e n t a g e  of t h e  f i n i s h e d  w i r e  we igh t ,  and the  
a d v a n t a g e  of aluminum ove r  copper  d e c r e a s e s .  F o r  example, t h e  
r a t i o  of aluminum f i n i s h e d  conductor  t o  coppe r  f i n i s h e d  conduc to r  
weight f o r  1 0  AWG copper  and 8 AWG aluminum i s  0.695 whi le  f o r  
22 AWG copper  and 20 AWG aluminum, t h e  r a t i o  would be 0.9545. 
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The u s e  of aluminum c o n d u c t o r s  poses  some problems 
t h a t  are  s e r i o u s  a l t h o u g h  r e l a t i v e l y  e a s i l y  hand led .  
Aluminum and copper  are n o t  compat ib le  from a n  e l e c t r o l y t i c  
c o r r o s i o n  p o i n t  of view s o  t h a t  s p e c i a l  c o r r o s i o n  ba r r i e r  
c o a t i n g s  must be  used  wherever copper  ( o r  copper  b e a r i n g  
a l l o y s  such  as phosphor  bronze)  and aluminum i n t e r f a c e  as 
i n  c o n n e c t o r s .  
c o n n e c t i o n s  wi thou t  s p e c i a l  s o l d e r s  and f l u x e s  w i t h  which 
many t e c h n i c i a n s  are  u n f a m i l i a r  and f o r  which t h e y  a re  n o t  
q u a l i f i e d .  

Aluminum i s  not  r e a d i l y  s o l d e r e d  f o r  e l e c t r i c a l  

The s u b s t i t u t i o n  of aluminum wire f o r  copper  c o u l d  
r e q u i r e  d e s i g n  and q u a l i f i c a t i o n  o f  a complete  new l i n e  o f  
c o n n e c t o r s  and t e r m i n a l  d e v i c e s .  I n  a d d i t i o n ,  s i n c e  t h e  
s i z e  of  each  conduc to r  must be i n c r e a s e d ,  t h e  s i z e  of 
mul t i - conduc to r  c a b l e s  and w i r e  bund les ,  w i l l  a l s o  grow 
s i g n i f i c a n t l y  r e s u l t i n g  i n  i n c r e a s e d  volume r e q u i r e m e n t s  f o r  
i n t e r c o n n e c t i o n  w i r i n g .  

The e l e c t r i c a l  w i r i n g  we igh t ,  w h i l e  l a rge ,  i s  a 
m i n i s c u l e  p o r t i o n  of t he  t o t a l  v e n i c i e  weight.  
r e d u c t i o n  i n  t h e  w i r i n g  we igh t  o f  as much as 30% would b e  
a c h i e v e d  a t  a s i g n i f i c a n t  c o s t  i n  procurement  and r e q u a l i f i c a t i o n  
o f  w i r e ,  c o n n e c t o r s ,  and w i r i n g  d e v i c e s .  

Even a 

8 .  w. Moss 
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